In Japan, the monogenean Neoheterobothrium hirame infecting Japanese flounder Paralichthys olivaceus is considered as a serious pathogen, which may cause disease problems in both cultured and wild fish (Yoshinaga et al., 2000) . The parasite causes necrosis and inflammation of fish tissues around the attachment sites on the buccal cavity wall (Anshary and Ogawa, 2001 ). The parasite may have been intro duced to Japan, since its occurrence in Japanese waters was only recently confirmed (Anshary et al., 2001) . Since the infection of wild flounder was first confirmed in two localities of the Sea of Japan off Niigata Prefecture in 1993, the infection level had gradually increased an nually, reaching the prevalence of 89% in 1998 (Anshary et al., 2001) . The parasite has been found from all seas in Japan, where the host is naturally distributed, except for some areas of Hokkaido (Ogawa, 1999; Mushiake et al., 2001) . The spread of the parasite has also been reported in Korea (Hayward et al., 2001) .
The commercial catch of Japanese flounder in Tottori Prefecture has drastically decreased in recent years; it peaked in 1994 with its record of 683 thousand fish, followed by a sharp and constant decline since 1996 to just one tenth of the peak catch in 2000 (Tottori Prefectural Fisheries Experimental Station, unpublished data) . The decline in the commercial catch of flounder in some areas of Japanese waters has been linked to various possible causes of fish mortality. For instance, Furuta (1999) thought that scarcity of food led to a high risk of predation of starved fish. Concurrently, flounder has been diagnosed to suffer from anemia, which might be linked with the recent decline in the catch. The etiol ogy of the anemia is suspected to be associated with the presence of virus-like particles in the hematopoietic tis sue of the kidney and spleen of affected fish (Miwa and Inouye, 1999) . However, these previous studies did not consider infestation of blood-sucking N. hirame prevail ing among wild and cultured Japanese flounder. Recently, Yoshinaga et al. (2000 Yoshinaga et al. ( , 2001 provided strong evidence that hematophagia by the monogenean is the cause of the anemia in the flounder. At present, no cer tain evidence has yet been given to determine the cause of the recent decline.
Even though the parasite has been studied inten sively both biologically and pathologically, its infection cycles and dynamics on wild flounder populations are still largely unknown. The aim of the present study is to monitor the N. hirame infection among 0-year-old Japa nese flounder periodically from April, when flounder start to settle on the sea bottom, until October or November for two-year period from 1999 to 2000, in the area off Tottori Prefecture, where the preliminary survey has been done*1, in order to know the infection dynamics of the monogenean among the flounder population and its possible impact on the host in wild conditions more clearly.
Materials and methods

Fish sampling
In 1999, 0-year-old flounder were sampled periodi cally with a beam trawl at 5-40 m in depth off the mouth of the Tenjin River, Tottori Prefecture from April to Octo ber (Fig. 1) . A total of 726 fish ranging from 1.1 to 14.2 cm in body length (BL), which were collected at 5-10 m in depth (200-500 m offshore) and fixed in 10% formalin in sample bottles shortly after capture, were used. From April to August, sampling was conducted twice or three times per month, whereas it was conducted only once per month in September and October. Since no substantial differences in the prevalence of infection and mean parasite abundance were found between fish col lected at 5, 7.5 and 10 m deep (data not shown), all Parasite examination Procedures for detection of the parasite on the gill filaments, gill arches/rakers and the buccal cavity wall followed the method described previously (Anshary et al., 2001) .
Parasites found were mounted either in glycerine jelly or glycerine, and their developmental stages were categorized based on the number of clamps and the presence or absence the of copulatory organ as follows: stage 0 (no clamp), stage I (1 pair of clamps), stage II (2 pairs of clamps), stage III (3 pairs of clamps), stage IVa (4 pairs of clamps but no copulatory organ), stage IVb (male copulatory organ visible) (Anshary et al., 2001) . Ecological terms are used as recommended by Bush et al. (1997) , where prevalence is the number of fish infected divided by the total number of fish exam ined, abundance is the number of a particular parasite in a host regardless of whether or not the host is infected, and mean abundance is the total number of a particular parasite divided by the total number of hosts (including both infected and uninfected hosts). The variance (S2) to mean (X) ratio for the parasite on host indicates the degree of overdispersion or aggregation of the parasite in its host (Esch and Fernandes, 1993 Parasites were found for the first time on July 8 with a prevalence of infection and mean parasite abundance of 10% and 0.1, respectively (Fig. 2) samples in August-October because of big variations within each sample (Kruskal-Wallis test, p > 0.05). The prevalence and mean abundance of adult parasites in 1-to 2-year-old flounder was 33.3% and 0.6, respectively, in April (n = 9) and 22.2% and 0.4, respectively, in June (n = 9). In July, August and September, no adult parasites were found from 6 flounder examined. In midJune, one immature parasite was detected for the first time from 191 fish examined (prevalence of infection: 0.5%) (Fig. 3) . The infection level remained low in early July, but then increased significantly at the end of this month (G-test, p < 0.001). The prevalence of infection gradually increased in the subsequent months and reached 100% in October to November. Although the mean parasite abundance did not change considerably from the initial detection in June up to the beginning of August, it increased significantly from late August to A B 
Proportions of N. hirame in host microhabitats
Proportions of the parasite in the microhabitats and its developmental stages changed with time ( Fig. 4A &  B) . In 1999, when the parasite was found for the first time on July 8, parasites on the gill filaments and gill arches/rakers were dominant and only a few were found on the buccal cavity wall. The pattern changed in the following two July samples, in that higher proportions of parasites were found on the buccal cavity wall. On August 9 again, most were immature parasites (stages 0-II) on the gill filaments. The pattern subsequently changed with time with a higher proportion found on the buccal cavity wall.
In 2000, only small numbers of parasites were found on the gill filaments on June 19 and July 10. On July 25, more than 45% had already reached the buccal cav ity wall (Fig. 5A) . In August, majority of the parasites found were very young (stages 0-III; Fig. 5B ). On Octo ber 4, about half of the parasites were considered adults, but immature parasites on the gill filaments were domi nant on October 16. The variance to mean ratio (S2/X) for the parasite on individual fish increased significantly from early to late August 1999 (Chi-square test, p <0.05), followed by a highly significant decline in the following samples from late August to the end of October 1999 (Chi-square test, p < 0.01) (Fig. 6A) . In 2000, the variance to mean ratio stayed low until August 3, and then increased in late August. A slight decrease in this value was observed on October 4, but the value increased again on October 16 (Fig. 6B) .
Correlation between parasite number and anemic condi tion of flounder There was a positive correlation between the infec tion level of the flounder and their anemic condition, as shown in Fig. 7 (Spearman's correlation coefficient (rs), p < 0.05). A wide range in the standard deviation may be caused either by heterogeneity among the individual fish or by involvement of different stages of parasite in the infection.
Flounder density off the mouth of the Tenjin River
The flounder density off the mouth of the Tenjin River in 1999 and 2000 reached the highest in June, in dicating that recruitment of flounder juveniles lasted until June. In both years, the density sharply decreased ap proximately to one-third in June or July and further de clined between late summer and autumn (Figs. 2 and 3) . 
Discussion
Impacts of monogenean parasites on wild marine fish populations have not been well documented yet, compared to those of monogeneans that infect fish cul tured under confinement.
Among the monogenean parasites that have been reported to cause mortality in wild fish populations, the best known are Nitzschia sturionis that infects the spiny sturgeon Acipenser nudiventris in the Aral Sea (see Petrushevsky and Shulman, 1961) and Gyrodactylus salaris infecting Atlantic salmon Salmo salar in Norwegian rivers Jensen, 1986, 1991) . It should be noted that these two epizootic cases were caused by the introduction of fish infected with the parasites, which were new to these areas.
Mass mortality in wild grey mullet Liza carinata caused by the monopisthocotylean Benedenia monticelli infection occurred in the Gulf of Suez lagoon and it was thought that the low water temperature in winter promoted its epizootics (Paperna et al., 1984) . In Japan, a polyopisthocotylean Pseudanthocotyloides sp. infection caused mass mortal ity in Japanese anchovy Engraulis japonicus in Ehime Prefecture (Yamamoto et al., 1984) . Among these infections, only infection dynamics of G. salaris has been well documented. In the present study, a sharp decrease in the flounder density occurred on two occa sions both in 1999 and in 2000: in July and in August to September.
In July when the prevalence of infection was about 10%, the cause was not related to the infection. Perhaps a natural mortality due to starvation and/or predation was the dominant factor. In August to September, on the other hand, the decrease seems closely related to the increase in the infection level of the parasite.
There was no evidence of noticeable migra tion of the flounder population in question to deeper areas in summer to autumn in 1999 or 2000. Neverthe less, most 0-year-old flounder eventually disappeared from the study area.
In September 1999 when the prevalence of infection was still increasing, parasite mean abundance consider ably declined, even though there was no significant dif ference in the mean abundance between August 30 and September 27. At the same time, density of the floun der population substantially declined and there was no record of fish migration to deeper areas. The variance to mean ratio for the parasite on flounder significantly increased from July to late August, followed by an abrupt drop afterwards, while the mean abundance remained unchanged.
This strongly suggests that these changes in the variance to mean ratio result from the changes in the variance. The test of homogeneity of variance (F test) confirmed that the variance of the August sample differed significantly from that of September sample (F test, p < 0.05). Gordon and Rau (1982) stated that parasiteinduced host mortality might be indicated by a reduction in the overdispersion of parasites among host population, expressed by a decreasing value of the vari ance to mean ratio. The highly significant decline in the variance to mean ratio from late August to October sug gests that the sharp decline in the host density was induced by the host mortality due to N. hirame infection. In 2000, such host mortality was not clearly expressed by the variance to mean ratio. However, most of the parasites recovered on October 16 were very small ones with no or only one pair of clamps. This makes a clear contrast with the previous and successive samples, where considerable proportions were already adults. It is reasonable to assume that heavily infected fish can survive, if most parasites are in early developmental stages.
It should be noted that, in 1999, a sharp decrease in the host density had occurred before August 30 when the variance to mean ratio was highest. It may be that majority of N. hirame-related deaths of the host occurred earlier than the observed decrease in the vari ance to mean ratio in late September 1999.
A sharp decrease in the flounder density in August -September occurred both in 1999 and 2000, but it was at least half a month later in 2000. There was no substan tial difference between 1999 and 2000 in the seasonal fluctuations in water temperatures or in the appearance of initial infection among 0-year-old fish. A consider able difference was noticed in the number of recruitment of juvenile flounder; it was almost twice as large in 2000. This may be responsible for the delay in the decline of the flounder density.
Although it was not strongly correlated, the parasite infection induced anemia to the infected fish, which may therefore cause physiological problems to the anemic fish. Experimental data show that N. hirame causes anemia in infected fish, and that the anemic condition of the infected flounder becomes even worse when the nutritional status of the fish is poor (Yoshinaga et al., 2000 (Yoshinaga et al., , 2001 . Although, in the present study, the infec tion level was relatively low compared to a previous report by Yoshinaga et al. (2000) , there was a marked difference in the fish size examined.
It can be assumed that small numbers of parasites can cause anemia to the smaller flounder. Furuta (1999) postulated that starva tion-induced predation could be responsible for the juve nile flounder mortality in the coastal area of Tottori. If this was the case, it is probable that, due to the poor health condition of heavily infected fish, they will be eas ily eaten. However, since N. hirame has widely spread all over Japanese waters, it is important to examine wild flounder from other localities to know whether or not the parasite causes the same impact as was seen in Tottori coastal waters.
In conclusion, after the initial infection of the 0-year-old flounder in June, N. hirame spread rapidly among the host population and increased in the infection level, which coincided with the appearance of parasite's sec ond generation in summer when the water temperature rose. Due to the high pathogenicity of N. hirame and the drastic reduction of the fish population density asso ciated with high prevalences of infection, it is highly prob able that N. hirame contributes to the fish mortality either directly or indirectly off the mouth of the Tenjin River, Tottori Prefecture. 
